INTRODUCTION
Complete purification of interferon from any source has not yet been achieved (Fantes, ~973) , although considerable progress has been made with interferons from chick embryo (Lampson et al. I963; Fantes, I967 ) and from mouse and rabbit tissue cultures (Paucker et al. I97o; Yamazaki & Wagner, r97o) . In a previous report (Kawade, I973) , our initial results on purification of L cell interferon were described, starting from a material relatively high in sp. act. Here we report on a simple procedure to obtain asp. act. of IO 7 to Io 8 international units/mg protein. Such preparations were found by polyacrylamide gel electrophoresis still to contain much extraneous protein, but at this stage of purification a protein band began to be perceptible at the position of interferon activity peak, although it remains to be seen whether or not it represents the interferon protein itself. From the high sp. act. obtained, it appeared that the antiviral action of interferon became demonstrable with only a few molecules bound to a cell.
METHODS
Most of the basic procedures have been described in detail elsewhere (Kawade, I973) .
Preparation of crude interferon. L cells grown in monolayer cultures were infected, 5 to 6 days after seeding, with Newcastle disease virus (NDV), Miyadera strain, at an input multiplicity of about 2o p.f.u./cell. After overnight incubation at 37 °C in Eagle's minimum essential medium (MEM) without added serum, the culture fluid was collected, acidified to pH I-8 to 2.0 with HC1 and neutralized after 4 days at 4 °C.
Protein concentration. Protein concentration was determined by measurement of E~80.
One E~8o unit was previously shown to correspond roughly to I mg/ml protein as determined by Folin reaction, using bovine plasma albumin (BPA) as standard, at various degrees of purification (Kawade, 1973) .
Polyacrylamide gel electrophoresis. Polyacrylamide gels of 7"5 ~o (o.I 8 Yo N,N'-methylenebisacrylamide), 5 x 6o to 12o mm, were used. Conventional fl-alanine acetate and glycine acetate buffers were used for electrophoresis at pH 4"3 and 2.9, respectively, and polymerization was catalysed by riboflavin (o'oo5 Yo). For electrophoresis at pH 9"5, a buffer consisting of 2-amino-2-methyl-I,3-propanediol and glycine was used (Tamura & Ui, 1972) , and the gel was polymerized with ammonium persulphate, which was removed by pre-running before sample application. Samples were electrophoresed at 4 °C. Interferon distribution was determined by cutting the gel into 2 mm or 3 mm discs and extracting each in I ml of o.1 ~o BPA in phosphate-buffered saline (PBS) containing antibiotics, pH 7"4, for I to 2 days at 4 °C (Fantes & Furminger, 1967) . For protein detection, the gel was stained with 0"4 ~o Coomassie Brilliant Blue in IO ~o methanol: IO ~o acetic acid for 4 h and de-stained in the same solvent. In later experiments, 2o ~o glycerine was included in the gel for better resolution. BPA (o-I ~o) or Tween 80 (o.oI ~o) was also added to the gel and the sample, to increase stability of interferon.
RESULTS

Purification of interferon
In this study, the use of DEAE-Sephadex was added to the procedures already described (Kawade, 1973) . DEAE-cellulose has been used for purification of chick and mouse interferons (Burke, 1961 ; Fantes, 1967; Bodo, Palese & Lindner, 1971 ) . In exploratory experiments, partial retention of interferon was observed at pH 4 to 8. At pH 7"8 in o.oi M-tris buffer, 40 to 7o ~o of the interferon came through unadsorbed, whereas 90 ~o or more of the protein was adsorbed. Most of the adsorbed interferon could be eluted by adding NaCI to the eluent up to 0"25 M, but impurity proteins were also eluted. A typical result is shown in 1"4 × I0 s 37 0'8 x IO 6 5"4 x io 5 II 3"3 x 107 3"3 x I07 I2 6 x IO ~ 6'3 x IO 7 16 2 x io s Table I . The interferon activities obtained in the unadsorbed fraction (no NaC1) and in the o.o 5 M-NaCI fraction had indistinguishable electrophoretic mobilities. As a routine procedure, we decided to use 0.05 M-NaCl-o'o[ M tris, pH 7"6, to recover interferon in the unadsorbed fraction. In this way, nearly quantitative recovery of the activity and five to tenfold purification was obtained reproducibly. The overall purification procedure described under Methods raised the sp. act. from lO 5 to lO 6 units/mg protein in the crude material to Io 7 to lO 8, about a IOO-fold purification. In some cases, the final preparation was dialysed against o.oi i-tris buffer, pH 7.6, and the precipitate formed was removed by centrifuging. An example of the purification processes is shown in Table z , in which the final sp. act. was the highest so far obtained, namely, 2 × IO s units/mg protein.
Some characteristics of purified material
The u.v. extinction spectrum of the final product in Table 2 was typical of protein, having a maximum at 280 nm and a minimum at 25o nm (E2so/E2~o = 1.7).
A similar preparation (not dialysed against dilute tris buffer) contained a small amount of hexose (determined with phenol-sulphuric acid and glucose as standard; Dubois et al. were diluted i nI mg/ml BPA in BPS, pH 7"4, and stored at -2o °C until assayed. The interferon preparation used in this experiment was obtained by ammonium sulphate precipitation (between 40 ~ and 8o ~ saturation) of zinc-concentrated material.
As shown in Table 3 , the activity was sensitive to trypsin and to 8 M-urea (but not 4 M) (Merigan, Winget & Dixon, I965) . Heat stability at 56 °C was similar to, or higher than, the crude interferon.
Upon storage at -2o °C in PBS, pH 7"4, or in o'o5 M-NaCl-o.oI M-tris, pH 7"6, the purified preparations with protein concentrations of about o.1% lost 5o to 8o % of their activity after a year, a rate not much greater than for crude, zinc-concentrated interferon with similar protein contents. At 4 °C, no significant inactivation occurred at least for IP: 54.70.40.11
On: Fri, 11 Jan 2019 07:51:12 o/ 24 h, when the protein concentration was o.oi /o or more. However, at much lower concentrations, very rapid inactivation was observed both with purified and crude preparations, either at 4 °C or at -2o °C, as shown in Fig. r (o.ooi % protein, 4 °C, pH 7 and 2). BPA is a very effective stabilizer, and Tween 80 a weaker one, although still useful where addition of extraneous protein is to be avoided (o-I % Tween 80 gave similar protection as o.oi % Tween 80, Fig. I ). Glass containers were used in these experiments.
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The interferon might be adsorbed to glass, as described by Lampson et al. (I963) for chick interferon, but we did not find desorption of activity from the glass with their method (detergent and BPA).
At pH 4"3 Electrophoretic analysis
The final product in Table 2 was electrophoresed at pH 4"3, and the interferon distribution shown in Fig. 2(a) was obtained, consisting of a well-defined fast component and a slow component(s), in agreement with Paucker & Stan6ek (I972) and Kawade (1973) . Staining of the gel for protein revealed three main bands, 'a', 'b' and 'c', the slowest of which, 'c', coincided in position with the fast interferon component, and the stained zone extended towards the slow interferon component. It is apparent that the best preparations obtained were still grossly contaminated by inactive proteins. Culture medium from uninfected L cell cultures processed in the same way as interferon was electrophoresed and the protein distribution shown in Fig. 2(b) was obtained. Two leading bands corresponding to 'a' and 'b' were present, but no distinct peak was seen at the position of'c'. There were also two slow components 'd' and 'e' which did not appear in the interferon sample.
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At pH 2. 9
Electrophoresis at pH 2-9 gave distributions of interferon and protein similar to runs at pH 4"3, except that mobilities were generally less (Fig. 3) . Again, a protein band was observed which corresponded to the fast interferon component.
At pH 9"5
Previous alkaline polyacrylamide gel electrophoresis suffered from poor recovery of interferon (Stan6ek & Paucker, I97o; Kawade, I973). This was improved by the use of a buffer system described by Tamura & Ui 0972), giving 40 to 6o % recovery (as in acid polyacrylamide gel electrophoresis), and leaving no activity in the sample zone after the run. The mobilities of all components were much reduced, however, with a resulting loss in resolution (Fig. 4) , as found by Fantes & Furminger 0967) for chick interferon. Nevertheless, since the interferon activity migrated towards the anode, most, if not all, of the interferon components appear to have isoelectric points lower than this pH.
Re-electrophoresis of separated components
To ascertain the distinctness of the fast and slow components resolved at pH 4"3, the isolated fractions from the run shown in Fig. 5 (a) were re-run separately at the same pH. They formed single sharp peaks with the same mobilities as in the first run (Fig. 5 b, c) .
As expected, the isolated fast component migrated at pH 2"9 with the same mobility as the fast component at this pH (Fig. 5d) . At pH 9"5 ( Fig. 5e) , its mobility corresponded to the leading part of the broad distribution observed with unfractionated preparations (Fig. 4) .
The gels of the runs (e) and (d) were stained for protein with sliced halves. Although the amount of protein applied was very small, a weak band was observed at the position of interferon peak in both cases, but besides, at pH 2-9, a fainter, barely visible band was detected toward the centre of the gel. It remains to be seen whether the band at the interferon peak represents interferon protein itself or not. DISCUSSION Through the procedure described here, L cell interferon was purified reproducibly to a sp. act. of to 7 to lO 8 units/rag protein. The highest value so far attained was 2 × IO 8 units per nag protein, which, to our knowledge, is the highest reported for any interferon, except those obtained by Ogburn, Berg & Paucker (1973) using anti-interferon antibody, which are in the same range. Our preparations were found still to contain large amounts of impurities when analysed by polyacrylamide gel electrophoresis, of which a considerable part probably represents 'normal' components present in uninduced L cell culture fluid.
We have not been able to determine precisely the sp. act. of interferon after polyacrylamide gel electrophoresis, because of the scarcity of the material, but judging from the protein distribution one could expect severalfold purification if the peak interferon could be extracted without loss of activity. If, as a most conservative estimate, a value of 3 × lO8 units/mg protein is taken, it is equivalent to I × lO 9 units/mg in our assay system, and I unit/ml (in our assay) of this material contains I pg protein/ml, or 3 x lO -14 M of a protein of mol. wt. 30o00 (Kawade, 1973) (a) Original preparation (t.8 x Io 7 units/E280), o'54 x io 7 units were run at pH 4"3: interferon recovery~ 22 ~. Fraction no. 9 was used as the slow component, and fractions ~I to I4, pooled, were used as the fast component.
(b) Re-electrophoresis of the slow component at pH 4"3 : interferon recovery, 58 ~. (c) Re-electrophoresis of the fast component at pH 4"3 : interferon recovery, 43 ~. (d) As in (c), at pH 2"9: interferon recovery 2 9 ~. (e) As in (c), at pH 9"5: interferon recovery 6z ~.
For the runs (c) and (d), the pooled fractions from (a) had been adsorbed to and eluted from CMSephadex, to remove BPA used for extraction from the gel. This was to enable the sliced half-gels of (c) and (d) to be used for protein staining. The basis for the electrophoretic separation into the fast and slow interferon components is not clear at present (different molecular species, or different states of subunit association, as described by Carter, ~97o). They differed in the cell-growth suppressing activity when compared at the same antiviral doses (Ohwaki & Kawade, 1972) . Further studies on their nature are in progress.
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